ABSTRACT Populations of the invasive Frankliniella occidentalis (Pergande) are serious pests of agricultural crops in the Aconcagua Valley of central Chile. An extensive survey was conducted of 55 plant species in 24 families to identify plant hosts of F. occidentalis and to determine its relative abundance on each host during each season. A more intensive study was conducted on selected plant species serving as reproductive hosts to determine the population dynamics of F. occidentalis and to evaluate the potential importance of Orius species and other natural enemies for controlling F. occidentalis. Adults of F. occidentalis were active during each season of the year inhabiting the ßowers of 91% of the sampled plant species in 22 families, and 86% of these plant species in 19 families served as reproductive hosts. The number of host plant species used was greatest in the spring and least in the winter. All of the hosts except Medicago sativa L. were used only when ßowering. Populations of F. occidentalis were signiÞcantly aggregated in M. sativa in the terminal buds over the leaves when the host was not ßowering, and in the ßowers, followed by the terminal buds, followed by the leaves when the host was ßowering. Larvae were 1.3Ð2.3 times more abundant on dates when M. sativa was ßowering. There were no identiÞable patterns in plant hosts based on endemicity or plant family. Most of the plant species used by F. occidentalis were inferior quality hosts where populations either declined or were stable. Populations of F. occidentalis on low-quality hosts generally escaped predation by Orius species and competition by other species of thrips. Only 25% of the food hosts and 28% of the reproductive hosts for F. occidentalis in the extensive survey, respectively, were host plants for Orius. Parasitoids and other predators were not found to be important in suppressing thrips on any of the plant hosts. Populations of F. occidentalis increased on only a few hosts, including M. sativa and Sisymbrium officinale L. Scop. These apparently are major sources of F. occidentalis adults invading crops. We conclude that F. occidentalis is established in central Chile and that it has replaced and possibly displaced the native Frankliniella australis (Morgan) as the most common thrips species.
The adults of the ßower thrips in the genera Frankliniella and Thrips generally are anthophilic (Cho et al. 2000 , Hansen et al. 2003 , and they inhabit the ßowers of a variety of cultivated and uncultivated plants (Chellemi et al. 1994 , Cho et al. 1995 . The nutritional components in pollen enhance thrips growth and reproduction (Kirk 1985 , and the adults feed on the pollen of many plant species that are not reproductive hosts (Mound 1997) . Chellemi et al. (1994) collected the adults of Frankliniella occidentalis (Pergande) in the ßowers of 24 of the 37 plant species sampled in northern Florida, but the larvae were not identiÞed to species. The latter study is typical of the scientiÞc literature, and the range of plant species serving as reproductive hosts is poorly known for most species of ßower thrips because of the difÞculties of larval identiÞcation (Mound 1997) . The larvae of F. occidentalis aggregate in the ßowers of most species such as Capsicum annuum L. (Hansen et al. 2003) , with the larvae developing rarely in the terminal buds of some species including Vicia villosa Roth. (Toapanta et al. 1996) .
Originally from the southwestern United States, F. occidentalis is now cosmopolitan (Kirk and Terry 2003) . Populations develop continuously based on thermal unit accumulations through the winter in northern Florida, increasing in the spring once temperatures are favorable for rapid physiological development (Toapanta et al. 1996) . Their numbers decrease later in the spring, despite an abundance of ßowering plant hosts (Chellemi et al. 1994 ). These declines in population abundance during the late spring or summer in northern Florida are observed in other temperate regions, and temperatures or other environmental factors apparently are not the cause (Boissot et al. 1998 ). However, the factors affecting population dynamics over large spatial scales are not understood (Kirk 1997) .
Species of ßower thrips are r-selected with population characteristics that include polyphagy, vagility, a short generation time, and a tendency toward parthenogenesis (Mound 1997) . These population attributes were believed to outstrip the capacities of natural enemies to regulate populations (Mound and Teulon 1995) . Sabelis and van Rijn (1997) listed numerous predators of ßower thrips. They determined that species of Orius (Hemiptera: Anthocoridae) and Aeolothrips (Thysanoptera: Aeolothripidae) have the intrinsic ability to suppress a coherent population of F. occidentalis at predator to prey ratios of 1:217 and 1:17, respectively. Subsequently, Funderburk et al. (2000) and Ramachandran et al. (2001) showed that Orius insidiosus (Say) suppressed local populations of F. occidentalis in Þeld pepper. Populations were suppressed under Þeld conditions at predator to prey ratios of Ϸ1:180 with near extinction occurring rapidly at predator to prey ratios of Ϸ1:50. Pepper and other plant species provide plant structures beneÞcial to Orius. These include small hair tufts or pockets on the lower leaf surfaces that provide protection for the eggs and nymphs (Agrawal and Karban 1997) and extraßoral nectaries and pollen that allow Orius spp. to complete development and lay eggs in the absence of prey (Richards and Schmidt 1996) .
The entomophilous nematodes Thripinema (Tylenchida: Allantonematidae) are important natural enemies of thrips (Funderburk and Latsha 2005 ). There are Þve described species that are known to parasitize 11 species of thrips. Thripinema nicklewoodi (Nickle and Wood) is a natural enemy of F. occidentalis in western North America. Funderburk et al. (2002) reported that Thripinema khrustalevi Isolate Chile (Chizov et al.) suppressed populations of Frankliniella australis (Morgan) in the ßowers of Cestrum parqui (LÕHerit) in Chile and that the adults of F. occidentalis inhabiting the ßowers were not parasitized. Parasitoids of thrips larvae including Ceranisus menes (Walker) (Hymenoptera: Eulophidae) and of thrips eggs including Megaphragma mymaripenne Timberlake (Hymenoptera: Trichogrammatidae) are described in Loomans et al. (1997) .
Species of Thysanoptera are spread internationally by the trade of horticultural plants, and Ϸ20 pest species are largely cosmopolitan (Mound 1997) . The international spread of F. occidentalis is described in Kirk and Terry (2003) . The species was introduced into Chile in 1992, where it has become established and is a serious pest of fruit, vegetable, and ornamental crops (Ripa et al. 2001) . Invasions of immigrating thrips occur in central Chile when nectarines, grapes, and other crops are ßowering and most susceptible to injury from their oviposition and feeding activities.
Our purpose was to evaluate native and introduced plant species as seasonal hosts for F. occidentalis in the Aconcagua Valley of central Chile, the nationÕs major agricultural production region for fruit, vegetable, and other crops. The relative abundance of thrips and Orius spp. on each plant host was estimated in the extensive survey. A more intensive study was conducted on selected plant species serving as reproductive hosts for F. occidentalis. The population dynamics of the adults and larvae of F. occidentalis on each host was determined and the potential importance of Orius and other natural enemies in affecting population abundance was evaluated.
Materials and Methods
Sample Locations. The three study sites were in the Aconcagua Valley of central Chile, comprising fruit orchards, alfalfa Þelds, and surrounding uncultivated hills. Two were near the town of Los Andes (Los Andes 1 ϭ 32Њ 50Ј52 S, 70Њ34Ј09 W, elevation 986 m; Los Andes 2 ϭ 32Њ52Ј31 S, 70Њ40Ј30 W, elevation 741 m) and the other was near the town of Llay Llay (32Њ52Ј05 S, 70Њ58Ј18 W, elevation 388 m).
Extensive Surveys of Plant Species. Plants growing in the hedgerows adjacent to crop Þelds and in the surrounding uncultivated hills were identiÞed, and each plant species was sampled twice monthly from November 1997 to February 1999 to identify species inhabited by the adults and larvae of ßower thrips and the adults and nymphs of Orius. At each of the three locations, randomly selected samples of 10 ßowers and terminal buds per plant species per sample date were placed in a 1-liter container of soapy water and returned to the laboratory for processing. The numbers of thrips were placed into categories to facilitate processing. The average number of adult F. occidentalis per plant species per sample date was categorized as 0, 1, 2, 3, and 4; i.e., 0, 0.1Ð 0.2, 0.3Ð1.5, 1.6 Ð3.0, and Ͼ3.0 per ßower or inßorescence, respectively. The average numbers of adult F. australis and Frankliniella spp. larvae were categorized similarly. The average numbers of nymphal and adult Orius were approximated as 0, 1, 2, 3, and 4; i.e., 0, 0.01Ð 0.05, 0.06 Ð 0.10, 0.11Ð 0.20, and Ͼ0.20 per ßower or inßorescence, respectively. The seasons of ßowering of each plant host were noted.
Population Dynamics on Plant Hosts. Cycles of abundance of F. occidentalis were determined for Þve abundant plants that were determined to be reproductive hosts of F. occidentalis in the extensive survey. Beginning on 2 September 1999, weekly samples were taken of Eschscholzia californica Cham. and Solanum ligustrinum Lodd. that consisted at each location of three to Þve jars of Þve terminal buds, three to Þve jars of Þve leaves, and three to Þve jars of Þve ßowers. Weekly samples of Raphanus sativus L. and Sysimbrium officinale L. Scop. beginning on 2 September and 20 April 1999, respectively, consisted of three to Þve jars of Þve terminal buds, three to Þve jars of Þve leaves, and three to Þve jars of Þve inßorescences. Sampling of the terminal buds and leaves was discon-tinued after ϳ2 mo when it was determined for each host that the thrips adults and larvae were Ͼ99% aggregated in the ßowers or inßorescences of each plant host. Samples were returned to the laboratory for processing. The plant material was fragmented with forceps, and the sample contents were rinsed through a series of sieves of decreasing mesh size. The sieves were examined under the stereomicroscope at ϫ40 magniÞcation, and the number of adults of F. occidentalis, F. australis, and Thrips tabaci Lindeman was determined. The total number of thrips larvae was determined on each sample date. The Þrst instars of F. occidentalis and F. australis could not be separated to species based on morphological differences, whereas the second instars of F. occidentalis remain pale yellow and the second instars of F. australis turn pink. Approximately 100 2nd instars from the samples were examined per month, and the proportion of F. occidentalis was estimated. The numbers in each sample of adult and nymphal Orius and the number of adult Ceranisus menes Walker also were recorded. The ratio of the number of Frankliniella larvae to the number of F. occidentalis adults on each sample date was determined for each host. The ratio of the total number of thrips to the total number of Orius on each sample date was determined for each plant host.
A Þeld of Medicago sativa L. was sampled weekly at each location. Each was a production Þeld that was cut four or Þve times per year, and the hay was removed. Eight random samples of Þve terminal buds and Þve tetrafoliate leaves from each Þeld on each sample date were placed in jars of soapy water. Eight random samples of Þve ßowers were sampled from each Þeld on sample dates when ßowers were present. The samples were returned to the laboratory, and the number of thrips and natural enemies was determined as previously described.
Percent parasitism of thrips larvae was estimated by randomly collecting 20 larvae per week per alfalfa Þeld. Each was placed in a 15-cm-diameter petri dish with a green bean pod, and each was maintained at 23Ð25ЊC until parasitoid emergence or development of the thrips to adult. Emerging adults were identiÞed to species. Fifty leaves of alfalfa containing one or more eggs of F. occidentalis were collected in each Þeld each week to estimate percent parasitism by species of Megaphragma. Each leaf petiole was inserted in a piece of water agar, and it was placed in a 15-cm-diameter petri dish for 10 d at 23Ð25ЊC. Each petri dish was examined at 1-to 3-d intervals for emerging adult parasitoids. Once per month, 100 adults of F. occidentalis were collected from each Þeld. Each was dissected in 1% soap solution under ϫ40 magniÞcation, and the contents were examined for the presence of Thripinema eggs, juveniles, or adults.
Data Analyses. The number of thrips larvae per adult F. occidentalis per plant part was determined on each sample date for each plant host. Ratios of Ͻ1, Ϸ1, and Ͼ1 were considered indicative of declining, stable, and increasing populations, respectively (NorthÞeld et al. 2008) . The ratio of total thrips per Orius also was determined on each sample date for each host.
The predator is capable of suppressing a coherent population at a ratio of 1 per 217 thrips (Sabelis and van Rijn 1997 
Results
Extensive Survey of Plant Species. The ßowers of 55 species of plants from 24 plant families were sampled ( Table 1 ). The number of ßowering species sampled in the spring, summer, fall, and winter was 45, 30, 26, and 7, respectively. Introduced species dominated; only 14 of the species from eight families sampled in the survey are native to the Aconcagua Valley of central Chile.
Adults of F. occidentalis were collected from the ßowers of plant species in 22 families (Table 1) . Populations were present each season of the year. Adults of F. occidentalis were collected from 50 of the 55 plant species. Adults were collected in the ßowers of 13 of the 14 native plant species sampled in the survey. Populations of F. australis were less common. Adults were collected from 16 of the 55 plant species.
Larvae of Frankliniella species were collected in the ßowers of 42 plant species from 19 families ( Table 1) . Second instars of F. occidentalis were noted in the plant samples from each of these plant species. Eleven of the 42 species are native to Chile.
The adults and nymphs of Orius were collected in the ßowers of 14 plant species in nine families (Table  1) . These were predominantly O. insidiosus, although O. perpunctatus also was noted. Orius were collected from three of the plant species native to the Aconcogua Valley.
Population Dynamics on Selected Wild Plant Hosts. Flowers of S. officinale were present each season, and ßower samples were taken weekly for 54 wk. Table 2 gives the mean number of thrips of each species per sample and of O. insidiosus per sample for data pooled by month. The adults of F. occidentalis were present in the samples on 53 sample dates. The adults of F. australis were present on 13 sample dates in the late winter and early spring. The adults of T. tabaci were Inßorescences of R. sativus were present from late winter until the end of the fall and ßower samples were taken on 37 dates. Table 3 gives the mean number of thrips of each species per sample and of O. insidiosus per sample for data pooled by month. The adults of F. occidentalis were present on all sample dates. The adults of F. australis were present in much lower densities on 16 sample dates mostly in the spring and fall. The adults of T. tabaci were present on 32 sample dates. Thrips larvae were collected on 34 sample dates. Second instars were Ϸ90% F. occidentalis. Over all sample dates, 0.76 larvae were collected per F. occidentalis adult. The number of Orius adults, C. menes, and A. fasciatipennis collected over all sample dates was one, three, and zero, respectively.
Flowers of E. californica were present from late winter to early fall. Samples were collected weekly for 22 wk. Table 4 gives the mean number of thrips of each species per sample and of O. insidiosus per sample for data pooled by month. The adults of F. occidentalis were present on all sample dates. The adults of F. australis were collected on Þve sample dates. The adults of T. tabaci were collected on 17 dates. Larvae were collected on all but one sample date. The second instars were Ϸ96% F. occidentalis. Over all sample dates, 0.76 thrips larvae were collected per F. occidentalis adult. No Orius, C. menes, or A. fasciatipennis were collected on this host.
Flowers of S. ligustrinum were present from late spring to late summer. Samples were collected weekly for 25 wk. Table 5 gives the mean number of thrips of each species per sample and of O. insidiosus per sample for data pooled by month. The adults of F. occidentalis were collected on 20 sample dates. The adults of F. australis were collected on 13 sample dates. The adults of T. tabaci were collected on 17 dates. Larvae were collected on all the sample dates. The second instars were Ϸ92% F. occidentalis. Over all sample dates, 0.79 thrips larvae were collected per F. occiden- Average no. of adult and larval thrips approximated as 0, 1, 2, 3, and 4; i.e., 0, 0.1Ð 0.2, 0.3Ð1.5, 1.6 Ð3.0, and Ͼ3.0 per ßower or inßorescence, respectively; average numbers of nymphal and adult Orius were approximated as 0, 1, 2, 3, and 4; i.e., 0, 0.01Ð 0.05, 0.06 Ð 0.10, 0.11Ð 0.20, and Ͼ0.20 per ßower or inßorescence, respectively.
a Plant species that is native in Chile. F. occidentalis, respectively. Adults of T. tabaci were 8.9, 12.6, and 4.7% of the total adult thrips collected from the leaves, terminal buds, and ßowers of M. sativa, respectively. The adults of F. australis represented 0.4 Ð3.9% of the total adult thrips collected from the leaves, terminal buds, and ßowers.
On dates when ßowers were present, the mean numbers of adults of F. occidentalis per terminal bud were 6.9, 6.5, and 4.8 times greater, respectively, than the mean numbers per leaf, and the mean numbers per ßower were 15.5, 12.8, and 14.8 times greater, respectively, than the mean numbers per terminal bud in Los Andes Field 1, Los Andes Field 2, and Llay Llay (Table  6 ). There were signiÞcant differences among Þelds (F ϭ 7.2; df ϭ 2,97; P Ͻ 0.001). The differences among the plant parts were signiÞcant (F ϭ 1359; df ϭ 2,194; P Ͻ 0.0001), and there was a signiÞcant interaction of plant part by Þeld (F ϭ 4.9; df ϭ 4,194; P Ͻ 0.001). This was because of a difference in magnitude among the Þelds. In the analysis to compare their abundances from leaves and terminal buds during the vegetative and ßowering stages of the plant, the effect of plant status was signiÞcant, showing that there were significantly more adults when the plants were ßowering than when the plants were vegetative (F ϭ 8.5; df ϭ 1,265; P Ͻ 0.0001). There was not a difference among Þelds (F ϭ 0.8; df ϭ 2,265). A signiÞcant interaction of plant status by Þeld was caused by a difference in magnitude among the Þelds (F ϭ 3.3; df ϭ 2,265; P Ͻ 0.05). Densities from the terminal buds were greater than the densities from the leaves (F ϭ 618; df ϭ 1,261; P Ͻ 0.0001). The interaction of plant part by plant status was not signiÞcant (F ϭ 0.0; df ϭ 1,261). The interaction of plant part by Þeld was not signiÞcant (F ϭ 1.7; df ϭ 1,261).
The adults of F. occidentalis that were collected once per month from each Þeld of M. sativa were not parasitized by Thripinema. The eggs of F. occidentalis that were collected once per month were not parasitized by Megaphragma.
Larvae collected weekly in the Þelds of M. sativa were never parasitized by C. menes, and Ͼ95% successfully developed to adult. More than 95% of the second instars were F. occidentalis. On dates when ßowers were present, the mean numbers of larvae per terminal bud were 12.6, 9.4, and 9.7 times greater than the mean number per leaf and the mean numbers per ßower were 2.9, 2.6, and 1.9 times greater than the mean number per terminal bud in Los Andes Field 1, Los Andes Field 2, and Llay Llay, respectively ( Table  6 ). The differences among the plant parts were signiÞcant for data pooled over the three Þelds (F ϭ 305; df ϭ 2,194; P Ͻ 0.0001). There were signiÞcant differences among Þelds (F ϭ 7.2; df ϭ 2,97; P Ͻ 0.001) and a signiÞcant interaction of plant part by Þeld (F ϭ 6.5; df ϭ 4,194; P Ͻ 0.0001). This was because of a difference in magnitude between the Þelds. In the analysis to compare larval abundances from the leaves and terminal buds during the vegetative and ßowering stages of the plant, the effect of plant status was signiÞcant (F ϭ 11.6; df ϭ 1,284; P Ͻ 0.001), showing that there were more larvae when plants were ßowering than when plants were vegetative. There was a difference among Þelds (F ϭ 11.6; df ϭ 2,284; P Ͻ 0.001).
The plant status by Þeld interaction was not signiÞcant (F ϭ 2.7; df ϭ 1,284). Densities were greater in the terminal buds than the leaves (F ϭ 449; df ϭ 1,279; P Ͻ 0.0001). The interactions of plant part by plant status and plant part by Þeld were signiÞcant (F ϭ 3.9 and 4.6, respectively; df ϭ 1,279; P Ͻ 0.05). The interactions reßected differences in the overall abundances of thrips in the different Þelds.
The adults and nymphs of Orius rarely were collected on the leaves of M. sativa (Table 6 ). The nymphs were more abundant than the adults in the terminal buds and ßowers, indicating that M. sativa was a good reproductive host for the predator. There were signiÞcant differences among the plant parts for the nymphs and the adults for data pooled over the three Þelds (F ϭ 46.7 and 21.4, respectively; df ϭ 2,194; P Ͻ 0.0001). There were no signiÞcant differences among the Þelds for the nymphs and the adults (F ϭ 1.7 and 1.4, respectively; df ϭ 2,97). The plant part by Þeld interaction was not signiÞcant for the adults (F ϭ 1.0; df ϭ 4,194), but the interaction was signiÞcant for the nymphs (F ϭ 3.9; df ϭ 4,194; P Ͻ 0.005). This was because of a difference in magnitude between the Þelds. In the analyses to compare Orius abundances in the leaves and terminal buds during the vegetative and ßowering stages of the plant, the effect of plant status was signiÞcant for the nymphs (F ϭ 19.8; df ϭ 1,279; P Ͻ 0.0001) but not for the adults (F ϭ 0.0; df ϭ 1,283). There were no differences among Þelds for the nymphs and adults (F ϭ 1.8 and 1.2, respectively; df ϭ 2,283 and 1,279, respectively). The plant status by Þeld interaction was not signiÞcant for the nymphs or the adults (F ϭ 1.3 and 1.4, respectively; df ϭ 2,279 and 2,283, respectivley). Densities of nymphs and adults were greater in the terminal buds than the leaves (F ϭ 93.2 and 35.1, respectively; df ϭ 1,279 and 1,283, respectively; P Ͻ 0.0001). The interaction of plant part by plant status was signiÞcant for nymphs (F ϭ 19.0; df ϭ 1,279; P Ͻ 0.0001) because of a difference in magnitude across plant parts. The interaction was not signiÞcant for adults (F ϭ 0.2; df ϭ 1,283). The interaction of plant part by Þeld was not signiÞcant for nymphs or adults (F ϭ 1.3 and 1.4, respectively; df ϭ 1,278 and 1,283, respectively).
The numbers of larvae per F. occidentalis adult showed that M. sativa was a good reproductive host. Over all sample dates and Þelds, 1.58 larvae were collected per adult in the terminal buds when the plants were vegetative, and 2.52 larvae were collected per adult when the plants were ßowering. There were 1.44 and 1.47 larvae per adult on the leaves when the plants were vegetative and ßowering, respectively. There were 0.43 larvae per adult in the ßowers.
The adults of F. occidentalis were abundant in the terminal buds of M. sativa on nearly all weekly sample dates from 20 April 1999 to 8 May 2001. Table 7 gives the mean number of thrips of each species per sample and of O. insidiosus per sample for data pooled by month. The average number of adults per Þve terminal buds across sample dates in the winter, spring, summer, and fall was 1.9, 4.9, 4.4, and 1.0, respectively. Larvae were collected on all but four dates. The average number per Þve terminal buds across sample dates in the winter, spring, summer, and fall was 1.6, 9.8, 9.5, and 2.3, respectively. There were 1.61, 1.99, 2.18, and 1.20 larvae collected in the terminal buds per adult F. occidentalis adults over the winter, spring, summer, and fall sample dates, respectively. Adult or nymphal Orius were collected in the terminal buds on 7 of the 27 winter sample dates, 10 of the 26 spring sample dates, 16 of the 24 summer sample dates, and 16 of the 28 fall sample dates. There were 118.7, 256.6, 74.5, and 23.7 total thrips collected in the terminal buds per Orius over the winter, spring, summer, and fall sample dates, respectively.
The adults of F. occidentalis were abundant in the ßowers on all dates when M. sativa was ßowering. Table 8 gives the mean number of thrips of each species per sample and of O. insidiosus per sample for data pooled by month. Flowers were never present during the winter. The average number of adults per Þve ßowers across sample dates in spring, summer, and fall was 57.1, 47.0, and 16.1, respectively. Larvae were collected in the ßowers on all ßowering sample dates. The average number per Þve ßowers across sample dates in the spring, summer, and fall was 19.6, 24.4, and 3.3, respectively. There were 0.34, 0.52, and 0.21 larvae collected in the ßowers per adult F. occidentalis over the spring, summer, and fall sample dates, respectively. Nymphal Orius were collected in the ßowers on nearly all of the sample dates when M. sativa was ßowering. Adult Orius were collected on 3 of the 14 spring sample dates, 11 of the 21 summer sample dates, and 12 of the 17 fall sample dates. There were 430.2, 164.1, and 45.2 total thrips collected in the ßowers per Orius over the spring, summer, and fall sample dates, respectively. Tommasini and Maini (1995) noted that hundreds of plant species in Ͼ62 families are reported in the scientiÞc literature as hosts for F. occidentalis. However, the concept of host plant is poorly deÞned with rare distinction in published studies between plant species inhabited merely by vagrants and those that are true foraging or reproductive hosts (Mound 1997) . More than 90% of the plant species sampled in this study were reproductive hosts for F. occidentalis (Table 1).
Discussion
The factors that distinguish reproductive hosts are unclear. Although F. occidentalis generally preferred hosts when they were ßowering, endemic and invasive plant species in many families were hosts (Table 1) . Paini et al. (2007) similarly found that foraging and reproductive hosts were preferred when ßowering, and they could not identify hosts in northern Florida based on patterns of endemicity or plant family. The preference of F. occidentalis for host species when they are ßowering is well established in the literature. Hansen et al. (2003) showed that adult populations disperse to C. annuum when plants begin to ßower and that the adults and larvae aggregate in the ßowers.
Plant hosts such as C. annuum are nutritionally limiting in the absence of pollen (Janssen et al. 2003) , and this undoubtedly explains why F. occidentalis adults preferred plant hosts in this study when they were ßowering (Table 1) . Pollen increases the fecundity and reduces the developmental time (Hulshof et al. 2003) . By feeding in ßowers that provide favorable microclimates and small refuges from larger predators, thrips also reduce the risk of desiccation and predation (NorthÞeld et al. 2008) .
The only host used for reproduction by F. occidentalis when vegetative was M. sativa. Estimated numbers of larvae relative to the adults indicated that the population was increasing whether the host was vegetative or ßowering (Tables 6 Ð 8). Numbers of larvae and adults were greater on all plant parts when the host was ßowering, thereby showing the nutritional beneÞts of pollen feeding on this host. The terminal buds and the ßowers provided a suitable microhabitat for population increase of F. occidentalis, even though the nymphs and adults of Orius also aggregated in the terminal buds and ßowers. Their numbers relative to the thrips on many dates during the winter, summer, and fall were sufÞcient to suppress F. occidentalis populations, but enough were able to escape predation that the number of larvae over each season exceeded the number of adults (Tables 6 Ð 8 ). The reason the thrips population was not suppressed in M. sativa at predator to prey ratios shown to suppress populations in the ßowers of C. annuum are unclear. The predatorÕs searching efÞciency may be reduced and the presence of alternative prey may have been a factor (Coll et al. 1997) . Numbers of the predator were insufÞcient to suppress F. occidentalis in the spring, and populations of thrips were greatest in the spring. Other natural (Tables 7 and 8 ) when the number of reproductive hosts identiÞed in the landscape was least (Table 1) . Fields of M. sativa used for hay production are common in central Chile, and this host is potentially an important source of thrips dispersing to ßowering fruit crops during the spring or early summer. Other common hosts where populations were increasing during the winter were S. officinale (Table  2 ) and R. sativus (Table 3) . Populations developed continuously through the winter on each of these hosts. Continuous generations develop during the winter in the terminal buds of V. villosa in northern Florida, and population development is predicted by temperature-dependent models (Toapanta et al. 1996) . Ishida et al. (2003) reported that F. occidentalis does not undergo diapause under short photoperiod and low temperature.
The adults and larvae of F. occidentalis in northern Florida inhabit fewer plant species in less abundance than the native species F. fusca (Hinds), F. bispinosa (Morgan), and F. tritici (Fitch) (Chellemi et al. 1994 , Paini et al. 2007 ). Paini et al. (2007) found the adults of F. occidentalis on only seven plant species, and Raphanus raphanistrum L. and Rumex crispus L. were the only reproductive plant host species. Paini et al. (2008) concluded that F. occidentalis is an inferior competitor to F. tritici on both cultivated and uncultivated plant hosts, and they argued that this competitive asymmetry has resulted in the exclusion (although not complete repulsion) of F. occidentalis within the geographic range of F. tritici in the eastern United States. Conversely, the endemic F. australis occupied far fewer hosts in far less abundance in this study than the invasive F. occidentalis (Table 1) . These results indicate that F.occidentalis has replaced and possibly competitively displaced F. australis as the most common species. de Borbon et al. (2006) reported that F. occidentalis was more common than F. australis on crop and wild plant species in Argentina.
The abundance of T. tabaci was not determined in the extensive survey of plant hosts conducted in this study (Table 1) ; however, the seasonal abundance of this Old World species was determined in the subsequent intensive sampling of S. officinale, R. sativus, E. californica, S. ligustrinum, and M. sativa (Tables 2, 3 , 4, 5, and 6, respectively). Adults of T. tabaci were present on each of these hosts but in far less abundance than F. occidentalis. The invading F. occidentalis has replaced T. tabaci as a greenhouse pest in Europe and other parts of the world (van Rijn et al. 1995) .
Phytophagous insects will forage and oviposit on inferior host plants if the effects of predation (Gotthard et al. 2005) or competition (Ekbom 1998) are reduced. The great majority of the reproductive hosts in the extensive survey were either poor hosts in that larval density estimates were less than adult density estimates (declining population) or hosts where larval and adult density estimates were about the same (stable population) (Table 1) . On most of these inferior plant hosts, F. occidentalis escaped predation by Orius and competition by F. australis. Three of the reproductive plant species identiÞed in the extensive survey as inferior hosts, R. sativus, E. californica, and S. ligustrinum, were sampled more intensively to better determine the population dynamics of F. occidentalis on them (Tables 3, 4 , and 5, respectively). Each of these hosts was free of predators on all dates. Populations of F. occidentalis on R. sativus and E. californica never experienced competition from populations of F. australis. Populations of F. australis on S. ligustrinum were more common than F. occidentalis from late spring to late summer, when F. australis populations declined and were replaced by high populations of F. occidentalis.
Only a few reproductive hosts were identiÞed in the extensive survey where the number of larvae exceeded the number of adult F. occidentalis (increasing population), namely S. officinale, Melilotus indica L. All., and C. parqui (Table 1) . Populations of F. occidentalis increased greatly on S. officinale during each season (Table 2) . Occasionally, S. officinale was a host for Orius where the number of predators was sufÞ-cient to suppress thrips populations, but generally this host served as enemy-free space. This species served as a reproductive plant host for T. tabaci, although overall populations of F. occidentalis were greater than other thrips species on nearly all sample dates. S. offinale is a very abundant plant species in the agricultural landscape of central Chile, where apparently it serves as an important source of thrips dispersing to Þelds of agricultural crops.
We conclude that F. occidentalis is a true generalist species that feeds and reproduces on a wide range of plant hosts in central Chile. Movement of generalist thrips between plant hosts is local dispersal rather than migratory (see Loxdale and Lushai 1999) . The dispersing adults of F. occidentalis initially are attracted to ßowers based on their color (Terry 1997) . Nutrition is an important factor in host selection by F. occidentalis because pollen feeding increases adult size and female fecundity (Gerin et al. 1999) . Plant species with high levels of carbohydrate and protein in the new leaves and ßowers are preferred for infestation (Scott Brown et al. 2002) . Numerous other studies have suggested a role of dietary nitrogen in thrips performance and distribution (Brodbeck et al. 2002) . The average number of larvae was less than the average number of adults for 40% of the reproductive hosts (Table 1) . This suggests that the females laid eggs on plants that were poor hosts for the larvae or perhaps the plants served as a bridge during dispersal where the adults fed and obtained moisture to avoid desiccation. The adults and larvae were not found on 9% of the plant species sampled. Either these plant species were not suitable hosts or they escaped being detected as hosts. The role of secondary chemicals and plant morphology on the selection and acceptance of plant species by F. occidentalis is not well understood. Plant secondary compounds and morphological structures such as trichomes affect the performance of F. occidentalis on individual plants species (Terry 1997) . These factors, as well as nutrition, are important reasons why populations are aggregated in the ßowers over other plant structures.
Host preference and population abundance and persistence of Orius on plants are enhanced by the presence of pollen, extraßoral nectaries, and other domatia (Coll 1998) . Host preference and the susceptibility of thrips to attack by Orius are reduced by the presence of plant structures including trichomes and secondary plant compounds. Only 25 and 28% of the food and reproductive hosts for F. occidentalis in the extensive survey, respectively, were hosts for species of Orius (Table 1) . Obviously, most of the plant hosts for F. occidentalis in the Aconcagua Valley of central Chile served as refuges to escape predation by Orius. No other predators, parasites, or parasitoids were identiÞed that play an important role in the population dynamics of F. occidentalis.
Our results showed that there are only a few plant species where populations of F. occidentalis build up to serve as major sources of thrips invading crop Þelds, especially during the spring when important fruit crops are ßowering. This suggests that these plants could be culturally manipulated in the landscape to either increase or decrease populations as desired. (Thrips injury to wine grapes is sometimes desired.) All of the plant hosts can be eliminated or prevented from ßowering to decrease the population abundance of F. occidentalis. Destruction of thrips habitat just before or during ßowering of fruit crops would be expected to trigger the dispersal of F. occidentalis adults to crops.
